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I. INTRODUCTION
A broad consensus has emerged in recent decades emphasizing the critical role of financial systems in the process of economic development. Since the seminal work of McKinnon [1973] , volumes of research have underscored the need for financial institutions to efficiently transfer capital from savings to productive investment. Our research contributes to this large body of literature by testing for weak-form efficiency in the emerging equity markets in Africa, and comparing these results with similar tests on a sample of other emerging stock markets in Asia and Latin America.
The increasing emphasis on the performance of financial systems in developing countries has arisen in the context of an increasingly liberalised and integrated global financial network. Financial flows to developing countries have soared as investors, seeking the diversification and often high expected returns associated with foreign investment, have eagerly channelled resources toward the new emerging stock markets.
The growth in stock markets in the emerging economies has reflected the increased demand for such transactions and the lower costs of investing in international markets. According to 1999 International Finance Corporation (IFC) statistics, from 1989-1998 the number of developing countries with actively trading stock markets increased from 31 to 78, the number of domestic companies listed on emerging market stock indices rose over 300% from 8,709 to 26,354, and market capitalisation in the emerging markets increased by 256% to US$1.91 trillion.
The establishment of these equity markets in Africa and other developing regions is potentially beneficial for both developing economies and international investors. First, considerable evidence points to beneficial effects of well-functioning equity markets on the economic growth process in developing countries.
1 Because of their greater wealth, investors in industrialised countries are in a better position to absorb the risk associated with investment projects in LDCs [Snowden, 1997] . Yet by bearing this risk, international investors can benefit by reaping the gains associated with high expected yields that have low correlations with existing investments in industrialised countries. Nevertheless, thin markets such as the emerging stock markets in Africa are often viewed as subject to manipulation by insiders at the expense of other investors. It is important, therefore, that stock markets in developing countries are able to pass as least the lowest hurdles of speculative efficiency. In Section II of this article, we briefly review the existing literature on tests of weak-form efficiency in emerging markets. In Section III we describe specific characteristics of the African markets in our study. We present in Section IV tests of weak-form efficiency on the emerging African stock markets, generally considered to be a minimal hurdle that a market must pass with respect to efficiency. As described in Section IV, weak-form efficiency, while not implying that a market cannot be exploited through inside information, does imply that systematic excess returns are not possible through exploitation of past movements in asset prices.
From our tests, we show in Section V that the emerging African stock markets actually fair quite well with regards to weak-form efficiency relative to our sample of emerging markets from Latin America and Asia. Our results for some of the newest African markets must be interpreted with some caution, since the data series available for the newest African markets is not as long as for the more-established markets. Yet preliminary evidence leads us to infer that six of the eight African markets are able to clear the lowest hurdle with regard to weak-form efficiency-non-predictability of market returns based on past returns. Moreover South Africa, Nigeria, Mauritius, Kenya, and Cote d'Ivoire clear a higher hurdle, presenting no evidence of predictability of market volatility based on past volatility. These findings compare well to our random sample of nine emerging stock markets in Latin America and Asia, where only five of nine markets are able to meet the first of these criteria, and only two, Brazil and Ecuador, meet the second. Section VI closes with conclusions and implications from our research.
II. THE EFFICIENT MARKETS HYPOTHESIS AND PREVIOUS TESTING OF THE EMH IN DEVELOPING COUNTRIES
For a stock market to be efficient, movements in prices of the market's underlying securities must be characterised by a random walk based on currently available information. From Fama [1970] , the strong form of the efficient markets hypothesis states that an equity market efficiently converts all information into accurate security prices such that no information of any kind, public or private, will help investors achieve superior returns. The semi-strong form of the hypothesis states that equity markets accurately process all publicly available information. This renders techniques such as fundamental analysis, exploiting differences between discounted expected earnings and current prices, useless for predicting future returns. The weak form of the efficient markets hypothesis states that past stock market information is irrelevant for predicting future movements in stock prices.
Though no stock market is generally believed to be strong-form efficient, most early tests of stock markets in industrialised countries have typically been unable to reject null hypotheses of semi-strong and weak-form efficiency [Fama, 1970] . 3 Some recent studies, however, have tested for weak-form efficiency in developing countries, focusing primarily on the emerging Asian economies, the Latin American markets, and the Middle East. Chan, Gup, and Pan [1992] , for example, use unit root tests that show weak-form stock market efficiency in Hong Kong, South Korea, Singapore, and Taiwan. Liu, Song and Romilly [1997] find that both the Shanghai and Shenzhen Chinese stock market indices are characterised by a random walk and are thus weak-form efficient, although cointegration tests indicate joint inefficiency between the two markets, i.e. past returns from one market can be used to predict returns in another. Groenewold and Ariff [1998] , carrying out unit-root tests on a set of ten stock markets in the Asia/Pacific region, find some evidence of violations of weak-form efficiency, yet they find the violations fairly mild in most markets.
In a test on Latin American stock markets, Urrutia [1995] Exchange. They fail to find evidence inconsistent with weak-form efficiency in the stock exchange by means of both runs tests and Q-test statistics, but suggest that a number of studies must be carried out on any market using a variety of methodologies to draw firm conclusions about weak-form efficiency. Olowe [1999] carries out tests using monthly data on 59 randomly selected securities from 1981-92 on the Nigerian Stock Exchange.
He finds the Nigerian market to conform to weak-form efficiency in joint Q-tests of partial autocorrelation coefficients for ten lags in the return data, though he argues that poor informational flows and inefficient communications systems cast doubts on the ability of the market to pass higher hurdles of efficiency.
III. THE AFRICAN MARKETS
Interest in emerging equity markets accelerated in the early 1980s, as investors became increasingly aware of the rapid growth of the Southeast Asian economies [Kuczynski, 1994 ]. Yet African markets have a history of neglect by international investors. They have frequently been hard to penetrate, located in war-torn regions, or in countries subject to sanctions (as was the case in South Africa). The African stock markets vary tremendously in their size, liquidity, and openness, yet most are thinly traded. Of the eight sub-Saharan markets analysed in this paper, only Nigeria, South Africa and Zimbabwe are not considered "frontier" markets, and are thus included in the IFC Global Composite
Index.
The substantial variation in size between the African markets is readily seen in Table 1A , which gives 1998 IFC figures for the number of companies listed in each market, market capitalisation in U.S. dollars, and other measures of trading activity. The
Johannesburg Stock Exchange in South Africa has more companies listed, and far greater market capitalization, than all the other markets combined, and is comparable to the data for the larger, more developed markets of Latin America and Asia seen in Table 1B .
There is a very large step down to the second and third largest equity markets, those of Nigeria and Zimbabwe, which are then followed in size by Kenya, Mauritius, Cote d'Ivoire, Ghana, and Botswana, respectively. There are other very small sub-Saharan stock markets in Namibia, Swaziland, and Zambia, which are not analysed here because of their very small size and availability of data. 1992, 1995, and 1998 respectively. Yet the high returns over the long horizon have not remained unnoticed: At least twelve financial institutions had by 1996 created "Africa funds", with capitalisation of about $US 1 billion, which solely target African markets [Mobius, 1996] .
Returns in the major

IV. DATA AND TESTING
In carrying out tests for weak-form efficiency we use data from the IFC's Emerging Markets Data Base (EMDB), generally considered the most reliable and widely used indices of stock market activity for emerging stock markets. Raw market data is used by the IFC to form aggregate indices, created by IFC to be consistent across the 45 countries for which data is available, to eliminate inconsistencies that can arise between locally produced indices. Markets in the IFC index coverage constitute a subset of all stock markets in developing countries. These markets typically trade securities from at least 30 firms, have market capitalisations of US$1 billion or more, and had an annual value traded of US$100 million or more at the start of coverage.
We use monthly data for the eight African markets listed in the IFC index.
Though serial correlation can clearly occur in periods shorter than one month, we follow previous studies such as Urrutia [1995] and Claessens et. al [1995] and use increments of one month as a base criterion for weak-form efficiency. In order to compare the efficiency of the African markets with stock markets in other developing countries, we also carry out the same tests on a sample of emerging stock markets in nine other developing countries in Latin America and Asia. These markets used as a basis for comparison with the African markets were randomly chosen, except for some consideration taken to include both some of the more established equity markets of Asia and Latin America as well as some less-mature markets. In this way, we can compare the African markets with established markets such as South Korea, Taiwan, Argentina, Brazil, Chile, and Mexico along with newer markets such as the Guayaquil Stock Exchange in Ecuador and the Asian markets in Thailand and Indonesia. Furthermore, as a benchmark of efficiency for the emerging markets, we perform the same tests on the U.S. stock market. Basic data for the African markets is given in Table 1A and for the comparison markets in Table 1B . The data series for each market varies between 26 and 145 months previous to 1998, depending on the age of the market and data availability, and is given for each country separately in column one of Tables 2A and 2B . Campbell, Lo, and MacKinley [1997] categorise three successively stronger tests of random walk, a process that implies weak-form efficiency in time series data. The least restrictive of these categories is a Random Walk 3 (RW3). In a market that complies to RW3 it is not possible to use information on past prices to predict future prices, i.e. price movements of securities in a market conforming to RW3 have uncorrelated increments.
A market conforming to RW3 is characterised by a random walk and is therefore weakform efficient. In such a market the absence of serial correlation in returns implies that prices are not being driven by insider manipulation or lack of investor liquidity over long periods. The test for RW3 implies looking at the Partial Auto-Correlation Function (PACF) of random increments of past price information on each market for up to k lagged values, and examining if they are statistically different from zero. Weak-form efficiency implies that expected increases in the price of an asset should not exceed some normal return µ over the specified interval, or
where ( ) t p Δ 's are incremental changes in log prices at time t, and I t-1 represents the information set available to market participants at 1 − t . To satisfy weak-form efficiency in conforming to an RW3, future changes in the price of assets must be uncorrelated with past changes in prices. This yields a simple test of the null hypothesis that all γ n = 0 with an alternative hypothesis that γ n ≠ 0 in an estimation with k lags on the dependent variable given by t k n n t n t t p p ε γ µ
where t ε is a random price innovation with mean equal to zero. (We set k = 4, which is sufficient using monthly data). The Box-Pierce Q-statistic yields a joint test of the PACF coefficients for the existence of autocorrelation. However, the test of a market conforming to an RW3 imposes no further restrictions on the price increments at time t.
In an RW3, however, it may be possible to use information on the variance of past prices to predict future volatility of the market. Conforming to RW2 imposes an additional condition on (2), namely that the increments are independent and nonidentically distributed (INID). Thus a test for conforming to RW2 implies a test for RW3 plus a test to ascertain the correlation of squared incremental price changes. This means that the variance of the innovation tomorrow is unforecastable from past variances in the time series. If squared random increments of past price information in the market are not significantly different from zero, the market conforms to RW2 and it is not possible to predict future volatility by looking at past volatility. In an RW2 variance can change over time (may be heteroskedastic), but it must change over time in an unpredictable manner.
If a market conforms to the random walk characteristic of an RW1, it is neither possible to predict future price movements nor future volatility by examining information on past prices. But in an RW1, random price increments can also be described as white noise, and independent and identically distributed (IID). A test for RW1 implies a test for heteroskedasticity in the historical time series of price innovations. An RW1 imposes a much heavier restriction on innovations in security prices; it is generally thought to characterise only the most mature and efficient equity markets. To test whether individual markets conform to RW1, we thus use the White test for heteroskedasticity.
V. ESTIMATION RESULTS
The results of the estimations, presented in Table 2A , indicate a surprising degree of efficiency in the emerging African stock markets. For markets in Botswana, Cote d'Ivoire, Kenya, Mauritius, and South Africa the hypothesis that equity markets are characterised by a random walk of RW3 cannot be rejected, indicating that these markets pass at least the lowest (but very significant) hurdle of weak-form efficiency when tests are carried out in data measured in local currency. Nevertheless, tests for conformation to RW3 are rejected at the 95 percent level in Ghana, Nigeria and Zimbabwe.
Foreign speculators and local investors, however, may be less interested in nominal fluctuations in these markets when they are measured in the local currency than when they are measured in real values, which might be more appropriately measured in U.S. dollars. It is also possible that inflation and devaluation of the local African currency with respect to the U.S. dollar could skew the results of tests using local currency values.
Therefore tests on the data were also carried out in U.S. dollars. Carrying out the tests in U.S. dollars produces no change in results for those African markets that conformed to an RW3, nor for Ghana and Zimbabwe which do not. However, for Nigeria, which during the sample period experienced both significant inflationary pressures and a large inflow of dollars from oil exports, the results do change. In tests using U.S. dollars, the Nigerian stock market conforms to an RW3 at the 95 percent confidence level, and we thus provide results of the test for Nigeria in U.S. dollars in Table 2A .
The six markets that conform to an RW3 we then test to see if they conform to the higher weak-form efficiency standard of an RW2. We find the results astonishing. Only a solitary market, Botswana, fails this second test. Returns in Cote d'Ivoire, Kenya, Mauritius, Nigeria (in U.S. dollars) and South Africa all confirm to an RW2. For these markets, even future volatility is unforecastable from past volatility. We then carry out the White test for heteroskedasticity on the remaining five markets. As with the Latin American and Asian markets in our study, none of the African markets is able to conform to an RW1, the most restrictive level of weak-form efficiency. In our sample, it is only the US market that is able to conform to an RW1.
Yet the results from the African markets are unexpected and encouraging, especially as they are compared to the test results in the other developing countries that are typically believed to be farther along the path of institutional development. Among the nine emerging markets in Latin America and Asia used for comparison, only three markets (South Korea, Taiwan, and Ecuador) conform to an RW3 with tests carried out in local currency. When the heavily inflationary economies (during the sample period) of Brazil and Argentina are analysed in U.S. dollars, these markets also conform to an RW3.
But of the five markets that conform to an RW3, only the Ecuadorian and Brazilian markets also conform to an RW2; in all other markets it is possible to use past market volatility to predict future volatility. As mentioned previously, none of the Asian and Latin American markets in the study conforms to an RW1 since even the Ecuadorian and Brazilian markets display heteroskedastic price movements over time.
A comparison of the tests for weak-form efficiency of the African markets and the other markets included in the study is revealing. It is true that the African markets are unable to match the efficiency of the U.S. stock market. As seen in Table 2B However, it appears that our fundamental result, that African markets perform comparatively well in terms of weak-form efficiency to markets in other LDCs, is quite robust to changes in length of data series. As a diagnostic, we ran tests for each market based only on the last four years of data for each market. In these tests, of the eight African markets only Ghana rejected the hypothesis of RW1 weak-form efficiency, while among the nine comparison stock markets, both Mexico and Indonesia rejected RW1 efficiency (at the 10 percent level). In tests for RW2 weak-form efficiency using the same data interval, only two of eight African markets rejected conformity to an RW2, while four of nine of the comparison markets in Latin America and Asia rejected hypotheses of weak-form efficiency at the RW2 level. Such results suggest that the African markets may have made greater strides in the development of efficient financial institutions than previously believed.
VI. CONCLUSION
A number of recent studies have shown a strong correlation between the development of equity markets in developing countries and economic growth. However, for both investors and developing economies to gain from equity financing of investment in developing countries, it is important that equity markets, along with all financial institutions, pass at least minimal hurdles of efficiency.
The results from this study show six of our eight African stock markets studied pass the basic hurdles of weak-form efficiency, that past movements in stock prices cannot be used to predict future movements in prices. 5 The results from our tests do not
show African markets passing the same high hurdles of efficiency as, for example, the U.S. stock market. Nevertheless, the results of our research present evidence which appears to undermine the stereotype of African markets as perhaps more subject to manipulation than the equity markets of the emerging Asian and Latin American economies.
The fact that several of the developing country markets were able to pass different hurdles of efficiency when returns are measured in U.S. dollars could indicate that the investors creating efficiency in these markets are international investors. It is possible therefore that one important role of international investors may be to establish a discipline in emerging equity markets that is able to dissuade attempts at market manipulation by domestic insiders. An interesting question for future research might entail an investigation of the role of capital controls and exchange rate regimes on maintaining efficiency in stock markets in developing countries.
It is important to clarify caveats and qualifications for our findings. First, as mentioned previously, some of the African stock markets are quite young and do not have a long time series of data from which to carry out weak-form efficiency tests. Our results for the three newest African markets should be taken as best estimates given the present availability of data, while understanding that longer data series for these new markets will lead to stronger tests for their efficiency. But as we show in Section V, the basic findings of the research do appear to be robust to differences in time series length.
Secondly, it is important to remember that this study focuses only on weak-form efficiency, i.e. that information on past asset prices cannot be used to earn abnormal returns in the market. It is possible that the better-researched markets in Latin America and Asia may be more able to pass tests for semi-strong efficiency, which dictates that public knowledge cannot be utilised to earn supra-normal returns. However, it is unlikely that any of these markets would fair well in tests for strong-form efficiency; private information exploited by insiders is highly likely to yield supra-normal returns, especially in emerging markets. It is important, nevertheless, that instances of insider trading be kept to a minimum in emerging stock markets, an issue that is more directly related to an internal willingness and ability to police corruption in public institutions.
Finally, although many previous studies have also used monthly data, it is possible that using different-sized data intervals could yield different results. In general, the shorter the time units of measurement, the more likely positive serial correlation is to be found in stock market data. Negative serial correlation, on the other hand, is more likely to be uncovered in longer units of observations. For example, U.S. market indices such as the Dow Jones index have been found to be mean-reverting over long horizons, such that after three or four years of upward movement, a future decline is more likely than a continuous boom [De Bondt, 1991] . However, we view monthly data as a good minimal test for weak-form efficiency, and furthermore the strength of our results lies in the comparison of the African markets with other developed and less-developed markets using a standard time-unit of analysis.
Taking these caveats into account, however, we see these results as indicative that 
